Background
==========

Neuroendocrine tumors (NETs) are a group of heterogeneous neoplasms that derive from the neuroendocrine system. The incidence of NETs has been increasing in the past 30 years \[[@b1-medscimonit-26-e923375],[@b2-medscimonit-26-e923375]\]. NETs mainly occur in the gastrointestinal system, with 30.8% in the small intestines, 26.3% in the rectum, 17.6% in the colon, 12.1% in the pancreas, and 5.7% in the appendix \[[@b3-medscimonit-26-e923375]\]. The liver is considered as the most common metastatic site of NETs \[[@b4-medscimonit-26-e923375]\]. However, primary hepatic neuroendocrine tumors (PHNET), by contrast, are extremely rare and only comprise approximately 0.3% of all NETs \[[@b4-medscimonit-26-e923375]\]. Since the first case of PHNET was reported by Edmonson 62 years ago \[[@b5-medscimonit-26-e923375]\], the number of all reported PHNET cases is less than 200 in the English literature \[[@b4-medscimonit-26-e923375],[@b6-medscimonit-26-e923375]--[@b21-medscimonit-26-e923375]\]. Diagnosis of PHNET relies on pathological analysis and the exclusion of metastasized NETs. Surgical resection is considered as the mainstay for treatment of this disease \[[@b4-medscimonit-26-e923375]\].

Due to the rarity of PHNET, little is known about it. The aim of this study was to explore the clinicopathological characteristics and survival outcomes of PHNET patients, diagnosed from 1988 to 2015, in the Surveillance, Epidemiology, and End Results (SEER) database.

Material and Methods
====================

Data source and study population
--------------------------------

Our study used data from the National Cancer Institute's 18-registry SEER research database (1973--2015), based on the November 2017 submission, which represented approximately 30% of the US population. We identified PHNET patients diagnosed between 1988 and 2015 using SEER\*Stat software (version 8.3.6). Patients were retrieved according to the International Classification of Disease for Oncology (3^rd^ edition) (ICD-O-3) site record for the liver (C22.0). The following ICD-O-3 histology codes were involved: 8013, 8041, 8240, 8241, 8242, 8243, 8244, 8245, 8246, and 8249. The study enrollment criterion was patients who had a positive histological diagnosis with PHNET as a primary disease. Patients were excluded if they had incomplete follow-up information or their survival month was recorded as 0. Informed consent was not required as our study did not use any identifiable human subjects or information.

Patient characteristics retrieved from the database included age at diagnosis, sex, race, marital status, histological grade, SEER stage, and surgery information. Patients were divided according to age at diagnosis into 2 groups: ≤65 years and \>65 years. Race was divided into white, black, others (including American Indian/Alaska Native, Asian/Pacific Islander, and unknown). Marital status was categorized as married and unmarried (including divorced, widowed, separated, and single). Histological grade was classified according to the degree of the tumor differentiation, including well differentiated, I; moderately differentiated, II; poorly differentiated, III; undifferentiated, IV. SEER stage was classified as localized, regional, and distant. Surgical treatment was categorized into 2 groups: a tumor-directed surgery group and a no tumor-directed surgery group.

The primary outcomes of our study were overall survival (OS) and disease-specific survival (DSS). OS was defined from the date of diagnosis to death due to any cause. DSS was defined from the date of diagnosis to death due to PHNET.

Statistical analysis
--------------------

Survival curves were created using the Kaplan-Meier method, and differences between groups were compared using the log-rank test. Multivariable Cox proportional hazards regression models were used to identify the potential risk factors for prognosis. All P-values were based on a two-sided significance level, and P-values \<0.05 were considered statistically significant. All statistical analyses were conducted using GraphPad Prism software 8.0 (GraphPad, San Diego, CA, USA) and SPSS 19 for Windows (SPSS, Inc., Chicago, IL, USA).

Results
=======

A total of 291 PHNET patients were involved in our study cohort. Patient demographics and the clinicopathological characteristics are shown in [Table 1](#t1-medscimonit-26-e923375){ref-type="table"}. The median age was 63 years (range 18--91), and 127 patients (43.6%) were older than 65 years. As shown in [Figure 1](#f1-medscimonit-26-e923375){ref-type="fig"}, the incidence of PHNET peaked in 50--80 year. There was no significant difference in sex-specific distribution, with 156 females (53.6%) and 135 males (46.4%). A total of 226 patients (77.7%) were white, and 144 patients (49.5%) were married. Histologically, 50 (17.2%) were grade I (G1), 22 (7.5%) were grade II (G2), 50 (17.2%) were grade III (G3), 13 (4.5%) were grade IV (G4), and 156 (53.6%) were unknown. According to SEER stage, 91 patients (31.3%) had localized disease, 67 patients (23.0%) had regional disease, and 63 patient (21.7%) had distant disease. There were 76 patients (26.1%) who underwent tumor-directed surgery, while the remaining 215 patients (73.9%) did not receive surgery.

Then, we performed Kaplan-Meier analysis for evaluating OS and DSS of PHNET ([Figure 2](#f2-medscimonit-26-e923375){ref-type="fig"}). The 1-, 3-, and 5-year OS were 57.1%, 39.4%, and 30.2%, and the 1-, 3-, and 5-year DSS were 61.3%, 44.3%, and 36.7%, respectively. Kaplan-Meier survival analysis with the log-rank test revealed that age, marital status, histological grade, SEER stage, and tumor-directed surgery were significantly associated with OS ([Figure 3](#f3-medscimonit-26-e923375){ref-type="fig"}) and DSS ([Figure 4](#f4-medscimonit-26-e923375){ref-type="fig"}). In brief, patients with younger age, G1/G2 tumors, and localized disease had better survival than those with older age, G3/G4 tumors, and regional/distant disease. Moreover, married patients tended to have longer survival than unmarried patients. We also found that who patients received tumor-directed surgery tended to have better survival outcome in both OS and CSS. Multivariate Cox regression models using proportional hazards ratios were conducted to identify independent risk factors for survival of PHNET ([Table 2](#t2-medscimonit-26-e923375){ref-type="table"}). The results showed that older age, unmarried status, poor differentiated grade, and no tumor-directed surgery were independent risk factors for poorer OS and DSS.

Discussion
==========

PHNET is an extremely rare primary tumor of liver and only comprise approximately 0.3% of all NETs. Due to the rarity of PHNET, the clinical characteristics and survival outcome of the disease are still not fully understood. In the present study, we first explored the clinicopathological features and survival outcomes of PHNET using detailed data from the SEER database.

A systematic review of 124 PHNET cases showed that the mean age was 51.9±16.5 years and found no clear sex-specific patterns (50.8% female and 49.2% male) \[[@b4-medscimonit-26-e923375]\]. In a Korean retrospective study of 12 PHNET patients, the median age was 66.5 years and 7 patients (58.3%) were male \[[@b6-medscimonit-26-e923375]\]. Chen et al. reported that among 28 patients with PHNET, the mean age was 53 years (range 32--76) with a male-to-female ratio of 1.15: 1 \[[@b13-medscimonit-26-e923375]\]. An another single-center PHNET study of 22 Chinese patients showed that the median age was 49 years (range 37--82), with 12 males and 10 females \[[@b14-medscimonit-26-e923375]\]. In our study, the median age of the 291 PHNET patients was 63 years (range 18--91), and 46.4% of patients were male. These results indicated that PHNET occurred more in the middle-aged and elderly patients and it is not a sex-specific disease.

Previous studies have revealed that clinical tumor markers such as alpha-fetoprotein (AFP), carcinoembryonic antigen (CEA), and cancer-antigen (CA) 199 have no diagnostic value in PHNET \[[@b19-medscimonit-26-e923375],[@b22-medscimonit-26-e923375]\]. Medical imaging examinations such as ultrasound, computed tomography, and magnetic resonance imaging also have low sensitivity and specificity for diagnosis of PHNET \[[@b9-medscimonit-26-e923375],[@b23-medscimonit-26-e923375]--[@b25-medscimonit-26-e923375]\]. Therefore, pathological diagnosis based on histological and immunohistochemical evaluation is regarded as the final diagnosis standard for PHNET. Because the liver is regarded as the most common metastatic site of NETs, the diagnosis of PHNET should exclude metastasized NETs. Based on mitotic rates and Ki-67 proliferation index (PI), neuroendocrine tumors are classified into 3 categories in the WHO digestive system classification \[[@b26-medscimonit-26-e923375]\], but in the SEER database, PHNET is divided into 4 histological grades according to the degree of tumor differentiation. As shown in our results, patients with G1/G2 histological grade tended to have better OS and DSS than those with G3/G4, and histological grade was an independent risk predictor of the prognosis of PHNET.

Previous studies have not clearly elucidated the risk factors for prognosis of PHNET. Chen et al. reported that high expression of Ki-67 was an independent prognostic factor for PHNET \[[@b13-medscimonit-26-e923375]\]. Shi et al. found that histological grade of G3 was an independent factor for recurrence-free survival \[[@b14-medscimonit-26-e923375]\]. In the present study, we found that older age, unmarried status, G3/G4 tumors, regional/distant disease, and lack of surgery were significantly associated with poorer OS and DSS. Moreover, older age, unmarried status, poor differentiated grade, and no tumor-directed surgery were independent risk factors for survival of PHNET. These results will help clinicians to assess the survival and prognosis of PHNET patients.

Surgical resection remains the main treatment modality for PHNET. Patients who received surgery had better prognosis. Iwo et al. reported that the 5-year survival rate was 74% in their 53-patient cohort \[[@b27-medscimonit-26-e923375]\]. Knox et al. found a similar 5-year survival rate of 78% in their analysis of 48 patients with PHNET \[[@b28-medscimonit-26-e923375]\]. In the present study, the 5-year OS was 71.9% and CSS was 75.7% in patients who received surgery, compared to the 15.6% and 21.5% in those did not receive surgery. These results indicate that tumor-directed surgery can significantly improve the prognosis of PHNET. However, previous studies have indicated that the recurrence rates after surgery were as high as 20--40% \[[@b14-medscimonit-26-e923375],[@b27-medscimonit-26-e923375],[@b28-medscimonit-26-e923375]\]. Therefore, close follow-up is recommended in the postoperative period for patients of PHNET. Apart from surgery, other treatment modalities of PHNET include transcatheter arterial chemoembolization (TACE) \[[@b19-medscimonit-26-e923375],[@b29-medscimonit-26-e923375]\], radiofrequency ablation (RFA) \[[@b30-medscimonit-26-e923375]\], percutaneous ethanol injection treatment (PEIT) \[[@b22-medscimonit-26-e923375]\], liver transplantation \[[@b18-medscimonit-26-e923375],[@b31-medscimonit-26-e923375]\], somatostatin analogues \[[@b32-medscimonit-26-e923375]\], and chemotherapy. However, the role and effectiveness of these treatment modalities remain unclear and need further study.

Our study has certain limitations. First, the SEER database does not contain important information such as the details of surgery and postoperative complications, as well as the type of chemotherapy and radiotherapy; these influence patient survival but we could not adjust for them in our analysis. Second, this study had a retrospective design, and due to lack of details about clinical features in the SEER data, we could not prevent all bias. Thus, the present results need to be verified in larger studies.

Conclusions
===========

Our study assessed the largest PHNET population based on the SEER database to date. PHNET is a rare primary liver tumor and its prognosis is generally favorable after active treatment. Moreover, our study found that older age, unmarried status, poor differentiated grade, and no tumor-directed surgery were associated with poorer prognosis of PHNET. Surgical resection is the most effective and reliable treatment method for patients with PHNET.
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###### 

Baseline characteristics of patients with primary hepatic neuroendocrine tumor.

  Characteristics                  Number of patients (N=291)   Percentage (%)
  -------------------------------- ---------------------------- ----------------
  Sex                                                           
   Female                          156                          53.6
   Male                            135                          46.4
  Age at diagnosis (years)                                      
   \>65                            127                          43.6
   ≤65                             164                          56.4
  Race                                                          
   White                           226                          77.7
   Black                           41                           14.1
   Others                          24                           8.2
  Marital status                                                
   Married                         144                          49.5
   Unmarried                       128                          44.0
   Unknown                         19                           6.5
  Histological grade                                            
   Well differentiated, I          50                           17.2
   Moderately differentiated, II   22                           7.5
   Poorly differentiated, III      50                           17.2
   Undifferentiated, IV            13                           4.5
   Unknown                         156                          53.6
  SEER stage                                                    
   Localized                       91                           31.3
   Regional                        67                           23.0
   Distant                         63                           21.7
   Unknown                         70                           24.0
  Tumor-directed surgery                                        
   Yes                             76                           26.1
   No                              215                          73.9

###### 

Multivariate Cox proportional hazards regression analysis for overall survival (OS) and disease-specific survival (DSS).

  Characteristics            OS          DSS                                                     
  -------------------------- ----------- -------------- ------------- ----------- -------------- -------------
  Sex                                                                                            
   Female                    Reference                                Reference                  
   Male                      1.326       0.986--1.783   0.062         1.270       0.925--1.744   0.140
  Age at diagnosis (years)                                                                       
   \>65                      Reference                                Reference                  
   ≤65                       0.567       0.425--0.757   **\<0.001**   0.651       0.477--0.887   **0.007**
  Race                                                                                           
   White                     Reference                                Reference                  
   Black                     1.137       0.753--1.717   0.542         1.075       0.683--1.692   0.754
   Others                    1.284       0.775--2.127   0.331         1.307       0.761--2.243   0.331
  Marital status                                                                                 
   Married                   Reference                                Reference                  
   Unmarried                 1.534       1.131--2.081   **0.006**     1.617       1.165--2.244   **0.004**
   Unknown                   1.195       0.668--2.136   0.548         1.144       0.603--2.171   0.681
  Histological grade                                                                             
   I+II                      Reference                                Reference                  
   III+IV                    3.068       1.973--4.771   **\<0.001**   3.421       2.149--5.446   **\<0.001**
   Unknown                   1.192       0.801--1.773   0.386         1.778       0.750--1.778   0.512
  SEER stage                                                                                     
   Localized                 Reference                                Reference                  
   Regional                  1.225       0.817--1.837   0.325         1.262       0.815--1.955   0.297
   Distant                   1.055       0.696--1.600   0.800         1.122       0.717--1.756   0.615
   Unknown                   1.160       0.787--1.712   0.454         1.147       0.746--1.763   0.533
  Tumor-directed surgery                                                                         
   Yes                       Reference                                Reference                  
   No                        3.636       2.369--5.580   **\<0.001**   3.875       2.420--6.205   **\<0.001**
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